Abstract-We study knowledge sharing among engineers to develop a nuanced understanding of the role of meaningful work and organizational identification by integrating the knowledge management framework, the job characteristics model and organizational identity theory. Using a cross-sectional survey of 168 engineers with managerial responsibilities from several industries in Colombia, we tested a structural equation model. Results show that a meaningful work is related with knowledge sharing, but is mediated by organizational identification. Furthermore, we found that the way to obtain knowledge donating is preceded by knowledge collecting. These associations provide insight into engineers' attitudes towards sharing knowledge as a way to differentiate profiles in the organizational environments and promote further research in this regard. Practical implications revolve around the justification for working on practices that not only foster meaningfulness in the workplace, but also organizational identification in order to obtain adequate levels of organizational knowledge sharing. Finally, since most studies have been carried out in developed countries, this study also contributes to a better understanding of the topic in previously unexplored contexts, in this case emerging economies.
I. INTRODUCTION
Lately, initiatives of knowledge sharing (KS) have emerged as one of the main factors to build organizations' innovation capabilities and competitive advantage based on knowledge management (KM). Likewise, interaction among people with diverse backgrounds has been considered as a key requirement to promote different perspectives and to take advantage of knowledge as an intangible resource [1] which allows for at least adequate performance of both organizations [2] - [4] and projects [5] . Engineers often are responsible for KS, especially because they play a fundamental role in building and fixing information flows, as well as processing experiences to generate efficiencies [6] , [7] . However, the role of engineers in KS has been relatively unexplored [8] , [9] resulting in a clear research gap. In this study, we address this specific issue by examining KS among engineers by using a cross-sectional survey of 168 Columbian engineers. Understanding KS among engineers would contribute to the engineering management literature by highlighting the role of specific factors in fostering KS by knowledge workers that contribute to technological development.
Engineering is based on rationality, and usually on instrumentalism [10] , but at the same time, relies on relations and multidisciplinary teamwork in order to achieve an objective. Further, due to the accelerated pace of development, engineers have to deal with an ambivalent feature of omnipresence and invisibility at the same time [11] . Another important factor to consider is that differences with other professions are neither inconsequential nor unusable [12] , especially regarding perceptions about the organizational capability to share and leverage knowledge to create effectiveness and innovativeness [13] . After all, engineers are known as the "knowledge workers" in today's organizations [14] .
Similarly, it has been suggested that KS is a process that takes place when motivations, opportunities and abilities are aligned [15] . This means that individuals are willing to share their intellectual capital if (and only if): 1) they are capable; 2) they have the opportunity to do it; and 3) they feel motivated to do it. Our approach is based on the latter condition. First, we presume that engineers possess the appropriate capability of sharing their knowledge given their rigorous scientific background [12] and also, that organizations do whatever is necessary to provide access to basic KS resources, like an adequate ICT infrastructure [16] , [17] . Second, it can be considered that opportunities are given by the context; so several environmental factors (many of them uncontrollable) could influence the KS behavior. For instance, we can observe how a proper organizational structure [16] , or a convenient network position in the organization facilitates the communication process with others [18] and subsequently becomes a promoter of KS. In such environments intrinsic motivation (extrinsic motivation has been proved to be ineffective [19] ) can provide valuable insights on people and their behaviors.
As a result some concepts like meaningful work (MFW) and organizational identification (OID) have been proven as effective antecedents of desirable employee outcomes [20] - [23] . Since KS is one of these outcomes [24] , [25] , and engineers are also employees who can be assessed in terms of their work attitudes, an exercise of validating the impact of engineers' perceptions of both MFW and OID on KS represents a well-founded approach from both a theoretical and a practical perspective.
Some previous studies have examined linkages between individual work attitudes and KM outcomes. In fact, while various studies have found a positive association between MFW and KS [26] - [30] , only one have addressed the association between OID and KS [31] . These facts suggest that in addition to an obvious opportunity to expand on the latter relation, a conceptual integrated model can also be tested to delve deeper into further understanding this particular phenomenon. It is also noted that in scenarios where these links were previously researched, no differentiation in terms of employees' backgrounds and professions were considered.
By integrating the KM framework with the job characteristics model and organizational identity theory, this paper aims to understand the way in which an engineer, who is part of an organization, engages with his/her intention of sharing knowledge with others. Specifically, this study aims to elucidate an adequate path to produce both behaviors in this type of individual, knowledge collection (KC) and knowledge donating (KD), by using MFW as an antecedent and OID as a mediator. After developing a theory-based conceptual model, our study tests the model using cross-sectional survey. Our sample comprises engineers (full-time employees with managerial responsibilities) in Colombia. Furthermore, we employ a structural equation modeling method to analyze the empirical model. Drawing on this approach, we test 6 hypotheses, which help us to note important differences with those results obtained in previous studies when conventional employees were evaluated. Our study has theoretical and practical implications and contributes to the understanding of issues related to KM and specifically, to KS.
II. THEORETICAL BACKGROUND AND HYPOTHESES DEVELOPMENT

A. Knowledge Management and Knowledge Sharing
Taking into account that knowledge is perceived as an essential resource for the construction of sustainable competitive advantage, execution of KM practices have been consolidated as a major challenge to any organization [32] , [33] . KM is defined as the process of capturing, storing, sharing, and using knowledge [32] . Consequently, KS involves the individual willingness of transferring or disseminating knowledge from one person, group or organization to another [25] . In this spirit, and from a more technical point of view, KS can be a powerful practice to improve organizational processes, like product or software developments [34] . Also, KS can be useful to validate the adoption of different organizational mechanisms oriented to support business strategy, like collaborative technologies [35] or the implementation of virtual communities [36] , [37] .
Our approach follows contributions of [24] and [38] , whose departure point integrates two distinct and separate processes into the same definition of KS: the action of obtaining knowledge (KC) and the action of providing it (KD). KC here refers to consulting co-workers who are favorable in terms of sharing their intellectual capital while KD points to communicating to colleagues what one's personal intellectual capital is [38] . In their research, [24] found evidence of a strong causal association between KC and KD, concluding that the gains of KS for an individual reveal themselves most substantially through successful KC. This suggests that such revealed gains are a condition for a person's willingness to effectively perform KD, and that this phenomenon takes place in order to enable others to realize such gains as well. In that order of ideas, and taking into account that the context should not alter the essence of the concepts themselves, we expect that the more an engineer collects knowledge, the more he/she donates knowledge. Consequently, we hypothesize:
H1. KC is positively associated with KD.
B. Motivating Engineers to Share Knowledge
First and foremost, we need to make it clear that in spite of many attempts by scholars to group engineers with scientists through the literature (e.g. [39] - [43] ), some have made it clear that engineers are different in the way they are managed [44] and (by definition) motivated. Likewise, a recent descriptive study performed by [45] , found that significantly different motivation sources exist in the work field of engineers and their peer knowledge workers. As a consequence, we decided to focus only on specific studies that have taken into account this particular issue.
Furthermore, it is widely known that management studies were originally conceived in an engineering environment [46] . Nonetheless, natural separation of knowledge has created some blurred areas that have been (implicitly or explicitly) addressed in the literature across time. One of those areas is the one that try to elucidate the way in which engineers are and should be managed in order to obtain the best of their capabilities [47] . This is indeed a relevant area, especially when one considers that engineering is more than a profession: it is also a culture that poses a different jargon and different symbols and professional values and norms [12] that somehow make engineers become a "black-box" in an organizational environment [48] . Hence, knowing what motivates an engineer to share his/her knowledge is an endeavor that cannot be underestimated.
On the one hand, engineers typically pride themselves on analytical thought, and data-driven decision-making process. However, on the other hand, they are usually accused of being unreflective with respect to the broader implications of their work [11] . In his study, [49] suggests that engineers are generally dissatisfied and largely demotivated. Causes for the latter revolves around inadequate rewarding systems, improper utilization of technical personnel, and, probably the most evident since forever: a lack of awareness of engineering's nature which is considered to be an intrinsic creative duty [6] , [44] , [48] , [49] .
Recognizing the question mark in terms of what motivates engineers [48] , research provides several useful approaches to start disentangling this particular issue. For example, earlier research indicate that engineers are highly motivated to work on problems of importance in their company and are very frustrated when they feel the organization is underutilizing their talent [50] . In fact, authors like [47] recently stated that engineers should assume their role as leaders in organizational environments, suggesting that instead of looking for motivation, they must look for promoting the motivation of others. Other studies based are on unsubstantiated ideas and recommendations of promoting participation spaces, by appealing to the "self-motivating" behavior of engineers [51] . However, the most relevant and proximate study to this paper was written by [6] . Here engineers' job satisfaction and job performance are examined by considering both organizational and professional commitment. The main conclusion was that organizational commitment is more powerful than professional commitment and that this positively enhances satisfaction and performance in an organizational environment.
In the same vein, it is also important to understand what specifically motivates engineers to share their intellectual capital with their colleagues. To do so, we primarily consider past contributions that suggest that extrinsic motivation sometimes acts as an obstacle to KS intentions [17] , [19] , [52] . Accordingly, we also follow authors like [30] , who make it clear that "although many studies conclude that employees should be intrinsically motivated to share knowledge, how intrinsic motivation can be nurtured remains elusive" (p. 680). In our case though, we found some proximal approaches for the case of this profession. For one, it has been stated that prosocial motivations can be powerful drivers to enhance the willingness to share knowledge in engineering organizations [53] . Additionally, there have been a substantial number of contributions on the topic of information-gathering behaviors of engineers (e.g. [7] , [39] , [54] - [56] ). Some of these studies compare professions and consider the searching of information needs and behaviors [39] , [56] , or they refer to the main engineers' (cognitive and affective) reasons to select sources [54] , or directly analyze their time invested in collecting true quality information with the support of informatics resources [7] . Finally, a more recent paper [57] provides qualitative evidence in support of the idea that positive interactions takes place between engineers' professional identities and their KS intentions. The same study also promotes research on KS behavior and individual level factors.
C. Meaningful Work
The concept of MFW (conceived as meaningful at the work) was originally introduced by [58] who presented it as a psychological state created by the interaction of certain factors like skill variety, task identity and task meaningfulness. Simultaneously, it was proposed that MFW together with other states like responsibility for outcomes and knowledge of results was a powerful determinant of intrinsic work motivation and other desirable outcomes. Against this background, MFW was defined as "the degree to which the individual experiences the job as one which is generally meaningful, valuable, and worthwhile" [27, p. 256] . Later, the concept of MFW was further developed by [59] , who under the term psychological meaningfulness, described it as "a feeling that one is receiving a return on investments of one's self in a currency of physical, cognitive or emotional energy" (p. 703-704).
Subsequently, other scholars contributed to the concept and developed alternative definitions, which took into account a more contemporary perspective of organizational reality.
This was the case of [60] , whose definition integrates a comparison between the individual appreciations on the characteristics of their work environment with their own value system. For them, MFW is the perceived value of a work goal or purpose, judged in relation to an individual's own ideals or standards (p. 14). This specific approach guides our study.
As a result, and despite the fact that the literature has presented evidence that predicts a positive causality between MFW and KS (with both, KC as with KD) with nonengineering samples, we assume that professions like engineering have their own ideals and standards. Furthermore, recognizing that by definition, MFW is a reflection of an employee's professional commitment, we pick up [6] 
D. Organizational Identification
Employees' OID represents a concept that emerged from the field of Organizational Behavior at the individual level (micro OB), and can be defined as a specific form of social identification, where an individual's identity is derived from his/her classification into social categories, or social groups [61] . Alternatively, as [62] put it, OID can be simply understood as "the perception of oneness with or belongingness to an organization" (p. 839). In other words, OID is what defines an individual regarding his/her perception of the organization he/she joins. This concept is considered relevant (among other arguments more focused in humanistic domains) as the literature has shown that higher levels of OID can initiate other positive organizational attitudes such as employee commitment [63] , job satisfaction [64] , lower turnover intention [65] , [66] , and others [20] , [23] , [67] , [68] .
For our studied context, several studies can be referenced as adequate background. For instance, [69] found evidence which suggest that, in a professional environment, affective commitment to both the team and the profession is positively related to KS, while continuance commitment with the client is negatively related to KS. In more technological environments, evidence showing the positive influence of the identification perspective to enhance KS behaviors is evident. Finally, in virtual environments, [70] state that an individual's increasing identification with their workgroup, also increase their willingness to share knowledge. In a similar way, [71] imply that the fact of feeling identified with a virtual community leads to a sharing culture, which ultimately enhances KS behavior.
Conversely, it is [31] 's approach that illustrate the precise way in what OID creates conditions for KS behaviors. They propose a path in which transformational leadership is placed as an antecedent to leader-member exchange and relational identification. The latter, in turn, leads to OID which consequently expands employees' KS. Something interesting about OID, is that this attitude has the propensity to lead employees to assume the interests and goals of their organization as their own [72] ; correspondingly, one can think that engineers who feel more identified with their organizations would adopt organizational goals as (or even before) their individual interests. Our assumption is that they do this by collecting knowledge as a way to contribute to organizational achievement, and also to donate their own knowledge to others. Consequently, we hypothesize:
H4. OID is positively associated with KC. H5. OID is positively associated with KD.
E. Meaningful Work and Organizational Identification
Academic pioneers of the dyad MFW-OID are [73] . Following a positive organizational framework, and on top of clarifying the difference between meaningful at work and meaningful in working, they also posited some valuable insights about this association. Although they intend to move away from the causality relationship debate, it is worthwhile noticing their defense of a proposition that suggests that MFW leads to OID and not the other way around. "One finds meaning not in what one does, but in whom one surrounds oneself with as part of organizational membership and/or in the goals, values and beliefs that the organization espouses" [73] . After this, several theoretical and empirical studies supported this specific thesis (e.g. [74] - [77] ). We also support this notion by arguing that MFW implies that engineers obtain understanding of the nature and expectations of the characteristics of their tasks (i.e. goals, purpose and values), perceive fit with, and consequently comprehend how their roles contribute to the purpose of the organization. Consequently, we hypothesize:
H6. MFW is positively associated with OID. 
A. Identification of the Variables and Measurements
KS was measured through a bi-dimensional construct constituted by KC and KD. While the former is a 4-item scale, the latter is a 3-item scale. Both measures were originally proposed by [38] , but later adapted by [17] . MFW corresponds to a 6-item scale proposed by [78] . Finally, OID was measured with a 6-item scale proposed by [61] .
All these scales were previously validated in past studies, and have widely been used.
B. Sample and Data Collection
Data collection was based on a paper-based survey addressed to 224 students of an executive postgraduate degree program in an engineering school in Colombia. Besides demographic questions, the questionnaire included the 4 mentioned constructs, which were assessed through a 1-5 Likert scale that ranged from "strongly disagree" to "strongly agree". Our final sample for data analysis comprised 168 respondents (see Table I ) 
C. Analysis
In order to examine the proposed hypotheses (represented in the structural model - Figure 1 ), our analysis strategy involves statistical techniques for individual as a unit of analysis. The data is analyzed in two steps. First, a confirmatory factor analysis (CFA) is performed to measure validity and construct reliability. Then, the hypothesized research model is tested. Both steps were performed using structural equation modeling (SEM) with the help of IBM® SPSS® version 22 and IBM® SPSS® AMOS version 21.
III. RESULTS
A. Confirmatory Factor Analysis (CFA)
We test a four-factor CFA model, in which we loaded the items on their respective factors. After a model respecification [79] , and taking into account the sample size, most items achieved reasonably adequate factors loadings (F.L) between 0.532 and 0.906. However, four items (which F.L.<0.5) were dropped in order to test our hypotheses (See Table II ). Furthermore, after modifications, we obtain good model fit indices: GFI=0.912 [80] ; RMSEA=0.068 [81] ; and CFI=0.959 [82] . This, together with the acceptable values of the Cronbach's Alpha obtained for each construct [83] , indicate reliability and robustness of our empirical model.
B. Research Model Test
As can be seen in Table III , results of path coefficients and p-values show support to H1, H2, H3, H4 and H6. Nevertheless, H5 is not supported. Since MFW is positively associated with OID (H6), and OID is positively associated with KC (H4), which is in turn positively associated with KD (H1), but the MFW-KD direct relationship is not significant (H2), it suggests that MFW can be an antecedent of KS, but only with the mediating role of OID. Moreover, MFW is not related to both KC and KD (H2, H3), thus highlighting the limited role of MFW alone in fostering KS. 
V. DISCUSSION
Our quest to understand the way in which KS is obtained among engineers lead us to conclude that while having a clear purpose in the workplace can imply a start to obtain a proper output, this state can only be effective when it is mediated by OID. This means that, in searching of KS behaviors, specifically for the case of engineers, having high perceptions of MFW is not enough. In addition, a sense of a self-definition as a part of an organization (OID) has to complement this association in order to be a valid one.
Our results support theoretical arguments, but also highlight some nuances. First, in line with [24] , we support the idea that KS can be understood as a sequence of KC perceptions followed by KD behaviors, meaning that engineers (as well as other employees) tend to donate knowledge once they feel knowledge is collected. Additionally, besides supporting [73] 's theoretical suggestion that relates OID to MFW, we provide further evidence for the contributions of [31] , who propose OID as an effective antecedent of KS behaviors. In any case, we expand the literature by presenting a nuanced understanding of the development of KS through both, OID and MFW when managing engineers. This implies that, as mentioned before, and for the case of knowledge workers such as engineers, MFW leads to KS, only with the cooperative role of OID.
It is worthwhile noting that MFW as a motivation factor itself is not directly associated with KS behaviors. And although this appears to be in contravention with prominent theoretical contributions (e.g. [26] - [30] ), it supports the idea (at least in searching for KS behaviors) that motivation for the case of engineers is not necessarily the same for other professionals [6] , [44] . The reason for this could possibly be that since knowledge is a concept intimately related with technology, engineers might consider it a valuable element (ergo a shareable one) in organizations because of its sense of "usability" [10] . However, further studies have to be developed in order to disentangle this complexity, especially if other concepts, like OID can perform an important role in this matter.
Our work has some practical implications. Firstly, we highlight the importance of KM, and particularly KS as promoters of innovation and competitiveness in organizations. For that to happen, we encourage managers not only to promote a sense of purposeful job upon their engineering team, but also by providing them some doses of belongingness. Our findings suggest that engineers have to feel identified with the organizations they work for, in the interest of sharing their own knowledge. Secondly, we exhort managers to promote KS, by giving them important insights in the way they look for obtaining KC and KD behaviors, especially over particular employee profiles. The above is highly relevant, taking into account that, as widely understood, every effort to build a KS-culture is needed and always worthwhile. Moreover, in this journey, to count on the body of engineers (namely "knowledge-workers" [14] ) as allies represents a valuable asset in any competitive organization.
The most obvious limitation in our study is the crosssectional nature of our data. It does not allow us to test beyond association relationships. However, given that our hypotheses do not hypothesize causality or changes over time, we believe it does not influence our interpretation. In this sense, future studies could test a causal model, which could come up with more refined conclusions.
Furthermore, two particular issues can be taken into account for obtaining a better understanding of this same phenomenon: context and profile of participants. For the former aspect, it is possible that having collected the data from an emerging country, like Colombia, would make results relevant in different ways in other cultural contexts. This implies that our findings may not be culturally generalizable. However if that is the case, apart from contributing to a better understanding of the KS process in previously unexplored contexts, such as emerging economies, this study also opens the door to contrast and compare results with other contexts for the sake of producing more accurate knowledge about the topic. For the latter aspect, the fact that participants were engineers with responsibility positions and at the same time, were pursuing a graduate degree in management areas could play a role in their way to interpret both KS attitudes. In some way, one could think that performing both KC and KD, could even be perceived as factor that can affect their own competitiveness as professionals and prospective managers. This could be tangible by, for instance, creating special conditions to collect and/or donate knowledge beyond the performance of intrinsic employee motivation, which ultimately was what we found in this research. In any case, further studies are needed to understand and interpret reality in order to further contribute to the area of managing engineers.
